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Abstract 
One of the difficulties encountered in implementing optical interconnect between stacked dies in a single IC chip 
is to fabricate a high quality rear 45° micromirror. This rear 45° micromirror works in conjunction with the front 45° 
micromirror to achieve the vertical transmission of the optical signal. In this paper, a detail study is conducted on the 
rear 45° micromirror, which is made from a thin silicon membrane which is anchored by silicon blocks. The 
fabrication technique of this micromirror is described. The roughness of the rear 45° micromirror surface is about 10 
nm measured directly by AFM.  Finally the optical test arrangement and test results are shown and discussed.  
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
45° micromirrors are essential components for optical interconnect systems. Optical interconnect applications [1] 
require a pair of high quality front and rear 45° micromirrors. Figure 1 illustrates a prototype of optical interconnect 
transmission system with a pair of 45° micromirrors fabricated on the lower and upper levels of the silicon stack. 
Both optical fibers are seated parallel with the wafer surface and pointing to the micromirror surfaces. With the 
assistance of alignment structures, the optical path is established between the upper and lower optical fibers.  
A cost-effective way of fabricating high quality front 45° micromirrors by using surfactant added TMAH has 
been reported [2-6]. However, to achieve a high quality rear 45° micromirror is difficult. This paper introduces a 
novel method to fabricate high quality rear 45° micromirror, based on the frame work of the front 45° micromirror.  
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Fig. 1. Optical interconnect system with front and rear micromirror pair.  
2. Fabrication Methodology 
The fabrication process of a rear 45° micromirror is illustrated on figure 2. Firstly, a high quality front facing 
micromirror on a mesa structure is fabricated on p-type (100) Si substrate using surfactant added low concentration 
TMAH to achieve an ultra smooth surface finish.  Its front surface is then diffused with phosphorus to a depth of 3-4 
μm to form an n+ layer.  The third step is to deposit and pattern a thin Cr file, which will form the RIE mask to 
pattern the micromirror membrane. Fourthly, the backside of the wafer is patterned and etched to release the ‘mesa 
membrane’ by TMAH electrochemical etch stop.  This is followed by RIE on the front side to remove parts of the 
‘mesa membrane’ to form a clear optical path horizontal to the wafer surface. 
Fig. 2. Fabrication process of rear 45° micromirror.  
3. Fabrication Result 
Figure 3 shows the SEM top and cross-sectional view of the released rear 45° micromirror. The mirror membrane 
is securely anchored at the supporting silicon block and the rear 45° angle allows it to collect the optical beam from 
the front 45° micromirror and reflect it horizontally to an optical fiber.  
Figure 4 takes a close look at the cross-section on both front and rear 45° micromirror. As shown on figure 4 (a), 
the front 45° micromirror is not at 45º for the entire slope. The effective 45° reflective portion is limited. Therefore 
the rear 45° micromirror will follow the same profile as the front 45° micromirror, and its cross-sectional view is 
shown on figure 4 (b). 
 Figure 5 is a SEM micrograph looking directly at the rear 45º micromirror surface. The roughness measured, 
over a 10μm x 10μm area, by AFM, is 9.8nm which is about twice that obtained on the front side. 
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Fig. 3. Front view of the released 45° rear micromirror and its cross-sectional view.  
Fig. 4. Cross-sectional view of (a) rear 45° micromirror; (b) front 45° micromirror.
Fig. 5. Rear 45° micromirror surface roughness test by AFM direct measurement, Ra=9.8nm. 
4. Optical Test 
Figure 6 shows the arrangement of the optical test. The pigtailed laser diode converts the electrical signal to an 
optical signal, which is then coupled into the single mode fiber sitting in a plane on the bottom wafer. The optical 
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beam is reflected by the 45° front and rear micromirror pair into the receiving fiber sitting on the top wafer and it is 
further coupled into the photo detector. The input and output electrical signals are displayed on the oscilloscope.  
By comparing the launched and received optical power, the total loss in between the top and bottom fibers is 
14.7dB, which includes 10dB free space transmission loss. This loss is measured by pointing the receiving fiber 
directly to the transmitting fiber with the same free space distance in between as the case when these two fibers are 
sitting on the top and bottom silicon dies.  The remaining 4.7dB loss is mainly attributed to the reflectivity of both 
micromirrors and misalignment of micromirrors and fibers.  
Fig. 6. Optical test arrangement and test result. 
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